INTRODUCTION
Science is often poorly taught or neglected altogether in U.S. elementary schools (Abell and Roth, 1994; Manner, 1998) , even though school boards and administrators voice their support for its inclusion in the curriculum. Science teaching reform efforts (NRC, 1996; NSF, 1997) are being made on the elementary curriculum level and core requirements may be increased through legislation (NCLB, 2001) , but the effects of these efforts will be diluted if teachers do not teach the material. Teachers emphasize subjects they both understand and enjoy (Westerback, 1982 (Westerback, , 1984 . Many studies have shown that the cure for poor science instruction is not simply more content knowledge among teachers; attitudes of the teachers toward science must also be improved (Dobey and Schafer, 1984; Kobolla and Crawley, 1985; Mestre, 1991) . Additionally, poor teacher attitudes can negatively influence the attitudes toward science of their students (Greenblatt, 1962; Haladyna and Schaugnessy, 1982; Kahle, 1984; Stollberg, 1969) . This influence can be pivotal, since many young students decide whether they like science before they leave elementary school (Kahle, 1996; Roth and McGinn, 1998) .
If an intervention can be made to affect teacher attitudes toward science, the ideal time to attempt a change of attitude is at the university level where they take classes as large cohorts, but the window of opportunity is small. Preservice elementary teachers typically must complete 2-4 semesters of science courses (Lusk et al. 2006) , and these classes will most likely be their last exposure to natural science before they begin teaching (Hannula, 2003) . However, steps can be taken in these few courses to encourage positive attitudes toward science for the next generation of elementary education teachers.
Preservice teacher attitudes toward science can be influenced by positive experiences in high school and university science courses (Cantrell et al., 2003; Ginns and Watters, 1996) . Generally, students entering these courses view science as an established group of facts that must be tortuously memorized and then regurgitated on exams (Havholm, 1998; Slater et al., 1999; Tewksbury, 1998; Yager, 2000) . They do not view science as part of their everyday lives and feel alienated from it (Coburn and Loving, 2002; Dworkin, 2001; Holton, 1994) . To change such attitudes in a university setting, professors must include hands-on, stimulating, non-threatening experiences in their courses (Rischbieter et al., 1993; Slater et al., 1999; Westerback and Long, 1990) , which can seem a daunting task to a classically trained scientist. The enhancement must be simple and inexpensive to implement, yet effective. However, many professors have discovered creative ways to expose students to positive science experiences in their required science courses, thus enhancing attitudes and learning.
Some professors have found success by changing the traditional teaching methods and enhancing positive science experiences in their elementary education science methods courses. For example, a number have employed field experiences to expose students to hands-on, real-world science research (Brown et al., 2001; Hall and Buxton, 2004) . Drawing, painting, sculpting and other artistic projects can educate preservice teachers about creativity in science practice (Cherif and Gialamas, 2000; Drummond, 1999; Metzger, 1996; Morris et al., 2000; Wright, 2000) . Others have utilized language arts approaches such as writing stories, making puzzles, and reading children's literature (Kusnick, 1999; Lusk et al., 2006; Osborne and Brady, 2001; van Zee and Roberts, 2001) . Other unusual methods include role play, personification, and science forums (Drummond, 1999; Havholm, 1998; Rule, 2005) in addition to enhancing the traditional methods lab with more inquiry-based learning (Gosselin and Macklem-Hurst, 2002; Hannula, 2003; Slattery, 1996) .
Student projects such as these are most effective when the student product is perceived to be of some use outside of the classroom, e.g., a final product of publishable quality (Badura et al., 2000; Bull and Davis, 1980) . Another approach that has been used to help students feel their projects are more useful is to involve a service-learning component (Erickson and Anderson, 1997; Madden, 2000; Payne, 2000) . Service learning can involve collaboration with local government and civic leaders or interactions with grade schools or the public at large (Hall and Buxton, 2004; Wagner and Caldwell, 2000) . These interactions are effective teaching tools that contribute to the growth, learning and social conscience of the students (Erickson and Anderson, 1997) . Attitudes and knowledge can be enhanced because the students are participating in active, constructive learning that has meaning outside of a student's immediate quest for grades (Beiswenger et al., 1998; Fones et al., 1999; Payne, 2000) . In short, students are excited and motivated to do something "real."
In this paper we report on a simple and easy-toimplement service-learning project implemented in an earth science course for preservice elementary education majors. Students in this course created science mini-lessons tied to the Utah Core Curriculum Standards and taught the lessons to students at a local Title I elementary school. Attitude scores (as measured by surveys described below) increased both semesters, most substantially during the second semester after we made minor revisions to the assigned project.
METHODS
In order to study the effect of this service-learning project, we tried to implement the project in a way compatible with our particular classroom setting and utilized effective assessment tools to evaluate the project outcomes. Participants -Physical Science 110B (PS 110B) is a one-semester earth science course for preservice elementary education majors. Approximately 120-140 students per semester take this required course in their sophomore year; the vast majority of these students (about 98%) are female and have only had high school science courses, and possibly one university course on basic chemistry and physics, before attending this class. The professor presents two 50 minute lectures per week and the students break off into nine laboratory methods sections instructed by graduate student TAs for another two 50 minute sessions per week. One hundred students participated in the study for the Fall 2004 semester and 103 participated in Winter 2005.
Implementation -In a previous study of the same course, Lusk et al. (2006) attempted to improve student attitudes toward science by implementing an experiment where participants in the treatment group authored a science storybook, which was then illustrated by a Visual Arts student and published on the Internet. The control group did not author storybooks but participated in the standard class project of creating a science mini-lesson, which was then presented to a small group of children of varying ages. They found that attitudes in the treatment group did improve significantly over the control group as measured by the Attitude Toward Science Survey (ATSS,) a four-response Likert-type survey with 11 positively worded statements about the respondents' feelings toward scientists and the processes of learning and understanding science (Lusk et al., 2006) .
For our study, we attempted to improve the attitude toward science of all the students in this course, not just a select treatment group as Lusk et al. (2006) had done. In place of a control group, we compared our results from the ATSS to the control groups in the Lusk et al. (2006) study.
In Fall semester 2004 and Winter semester 2005 all students in PS 110B were required to create mini-lessons on a topic chosen from a list of science principles in the Utah Core Curriculum Standards. The lessons created ranged from a simple "dance" about weather ("Observe and describe weather" from 2nd Grade Standard 3, Objective 2) to more complex discussions about erosion ("Students will understand that chemical and physical changes occur in matter" from 5th Grade Standard I). We assigned a grade level to each of the lab sections and students grouped themselves into teams of three or four. On a day near the end of the semester, the preservice teachers visited a local grade school and presented their lessons to the children, one grade level at a time. This activity was held in the school's gymnasium and cafeteria, where the university students set up their displays and activities on large tables and the grade school students, in groups of 5-8, rotated every 5-6 minutes to the next lesson.
As a resource for the preservice teachers, we developed a web site with some logistical information, along with suggestions and links to information that the students could use to create their lessons. After the first semester we found the groups did not always work together well and the students, not having any pedagogical training at this stage, did not feel secure in creating lesson plans. We then added a group planning sheet, which walked the students through a process to help facilitate positive collaborative working skills (Figure 1) , and a teaching guide (Figure 2 ), which summarized five basic principles of instruction and gave many examples to help them plan successful lessons. All of these resources can be found, among many other resources, on the project web site, at http://www. geology.byu.edu/ps110b/presentation.htm.
Assessment -To evaluate the effectiveness of the service-learning project, we needed an assessment tool that would enable us to compare the attitudes toward science of the preservice teachers at the beginning and end of the semester. This was measured using the Attitude Toward Science Survey (ATSS), a four-response Likert-type survey with 11 positively worded statements about the respondents' feelings toward scientists and the processes of learning and understanding science ( Figure  3) . The minimum score possible on this 34 point survey was 11; the maximum was 44. This survey was adapted by Lusk et al. (2006) from a survey created by Thompson and Shrigley (1986) to assess science attitudes. The ATSS was given the first and last day of the course and the results were compared.
The survey given on the last day of class contained an additional, open-ended question, that asked students to specifically list the aspects of the course that most positively or negatively affected their attitudes toward science. Several themes in the responses to these survey questions were identified, and all of the responses were coded according to the theme identified and whether it was listed as a positive or negative impact factor. 
RESULTS AND DISCUSSION
This Earth Science Mini-lesson Project was easy to implement, involved no monetary cost, and made a positive difference in preservice science teacher attitudes. However, this difference was only evident when the project was refined to fit the learning style of the students.
The ATSS results from our first semester (Fall 2004) showed no statistically significant improvement between the pretest (Mean = 30.15, SD = 4.16) and the posttest (Mean = 30.89, SD = 4.51), t = -1.88, p < .063. This small increase (0.74 points) is not significant at the 95% confidence level, and is similar to that shown by the control groups during the study by Lusk et al. (2006) . On the other hand, qualitative data from student questionnaires seemed to indicate some promise in the concept. When the students were asked which aspects of the class most positively or negatively affected their attitudes toward science, they mentioned the service-learning project most frequently as a positive influence (Table 1) . What went wrong?
First, we believe that inadequate guidance for group work was an issue. For instance, one student wrote "all three of us work, and it was really difficult to find even a small block of time that worked for all of us." Another wrote that "the work load was not fairly distributed [among the group members.]" Second, Sloan et al. (2004) showed that the pre-service elementary teachers they studied tended to be "closed learners," meaning that they only felt comfortable with assignments that had firm boundaries, rubrics, and examples to guide them. They disliked ambiguity and preferred clearly stated and detailed directions. In our case, this turned out to be a limiting factor. Many students complained that they did not have enough information about the exact sizes of the student groups they would be teaching (they were only given approximate numbers,) the sizes of the tables they would have at their disposal, wall space available, etc. For example, one student wrote, "It would have been nice to know exactly how our table would be set up. They were tall tables-difficult for children to see [the lesson materials] without standing up and getting close." (They were the normal, fold-out tables found at most schools.) Our impression was that a large fraction of the students felt very frustrated about the lack of such logistical information, and this detracted from their excitement leading into the presentations.
The net effect of these frustrations was that many of the preservice teachers did not really become excited about the project until they were at the grade school, giving their lessons. Since this occurred at the end of the semester, the potential positive impact of the project was not fully realized. One student commented, "Being able to work with elementary children and see firsthand the effect teachers have on their students affected me in the most positive way. It allowed me to be in an actual teaching environment and to realize that I need to learn to enjoy my science courses so that I can instill that love of learning in my students…. Children learn by example, and I realized that I need to be that example to them." If our students could experience the epiphany that they should learn to enjoy their science courses at the beginning of the semester, we felt that the potential of the project could come closer to being realized.
For the second semester (Winter 2005), we tried to address these issues in several ways. First, we added more logistical information to the web site, gave them a short handout giving tips for creating a successful lesson (Figure 2 ), and mentored a better group dynamic via a worksheet that helped the groups make internal assignments and manage communication (Figure 1) . We also included photographs of the previous semester's mini-lessons and positive comments made by the Principal and teachers at the elementary school into the class lectures and web site.
These changes appear to have had the desired effect. The results of the posttest open-ended question about which aspects of the class affected the student's attitude toward science (Table 2) were very similar to the results from the first semester (Table 1 .) The mini-lesson project was still the most frequently listed factor for creating more positive attitudes. treatment group represented only a small fraction of the total class because of the expense of hiring storybook illustrators. In contrast, we were able to include the entire class in the treatment described here. Many students offered very encouraging comments about the effect the project had on them. For example, one student wrote that the teaching experience positively affected her attitude toward science "because I was able to apply 'why am I taking this class' instantly and directly." Another wrote that it "made me excited that I knew and could explain concepts to other people." Another wrote that it was her favorite part of the class because "It helped emphasize to me how fun it is to teach, and how important it is for the children to learn science and be excited about it."
These results have implications for similar studies. For example, in order to make our project truly successful, we had to tailor it to the learning style of the students in our class. Additionally, even if an idea for improving our classes does not seem to work well the first time, it may be that a few unexpected issues simply need to be resolved.
CONCLUSIONS
The Earth Science Mini-lesson project was implemented with the intention of involving the students in a real-world, useful project to improve student attitudes toward science. The project was successful in improving pre-service elementary teacher attitudes, but only after the specific learning style of the students was taken into account. In addition, there were no monetary costs required for running the project, and minimal extra instructor time was needed. Anyone desiring to run a similar project could simply adapt our web site (http://www.geology.byu.edu/ps110b/presentation.ht m), which includes all the materials needed.
During the next several semesters, we plan to run a design experiment (Brown, 1992; Cobb et al., 2003; Dede, 2005; Richey, 1997) where the project described in this paper will be the control. In addition to the mini-lesson project, students in future semesters will author children's storybooks as described by Lusk et al. (2006) , but the illustrations will be created by the authors themselves, using common computer programs and an online catalog of characters, backgrounds, etc. Students will also have access to digital cameras and video cameras to take their own photographs or video footage to add to their multimedia storybooks. We feel that the addition of the multimedia project will further enhance the positive effect on preservice elementary teacher attitudes, capitalizing on the visual, global learning style of these students (Sloan et al., 2004) .
